An ultra performance liquid chromatography tandem TOF mass spectrometric (UPLC-DAD-TOF-MS) fingerprinting method was developed for the quality control and source discrimination of Cortex magnoliae officinalis produced in Zhejiang Province (Wen-Hou-Po). Twelve samples of Wen-Hou-Po collected from two species in five areas in Zhejiang Province of China were used to establish the fingerprint. Data were evaluated statistically using similarity analysis, hierarchical cluster analysis (HCA) and discriminant analysis (DA) in order to establish a similarity standard of fingerprint for quality control of Wen-Hou-Po, then to classify the Wen-Hou-Po samples and to identify key categorizing parameters. The similarity indexes were all above 0.95 between the reference chromatogram and that of each sample. By comparing the UV and MS data with those of the authentic standards and literature, nine main peaks in the fingerprints were identified. The result of hierarchical cluster analysis showed that the samples from two species in five areas could be divided into two distinct groups (the same as the groups of the samples divided by their species) based on their compositional fingerprints. A rapid and convenient discriminant function was then established to discriminate the species of unknown Wen-Hou-Po, and the cross validation result was 100%. In this study, the methods established are reliable, and could be used to evaluate the quality and to identify the species of Wen-Hou-Po in the future.
Traditional Chinese Medicine (TCM) is more and more popular and widely used clinically for its excellent advantages such as low toxicity and side effect, good medical effect and drug tolerance. It is well known that the therapeutic effects of most TCM are based on the synergic effect of its bioactive compounds, which has been proved for a long time by modern research. Chromatographic fingerprinting of TCM is regarded as a useful method to control the quality of TCM, including crude drugs and preparations, because it emphasizes the systemic characterization of compositions of samples and focuses on the identification and assessment of the stability of the components [1] . The ultra performance liquid chromatographIC (UPLC) system has also been gradually introduced into the fingerprinting research of TCM as a powerful support and useful complement with the rapid development of chromatographic techniques [2] [3] [4] [5] [6] . The UPLC system, compared with the traditional HPLC system, has the unparalleled advantages of ultra-high column efficiency, separation capability and separation velocity. With a similar or better separation, it can greatly reduce the separation time [7, 8] . Thus, UPLC or UPLC-MS fingerprinting technology have good prospects and will be used more widely as an ideal method of quality control of TCM.
Cortex magnoliae officinalis is the dried bark of stem, root and branches of either Magnolia officinalis Rehd.et Wils. or M. officinalis Rehd. var. biloba Rehd. et Wils. [9] . It is a widely used TCM, which is documented in the Chinese Pharmacopoeia [9] , and used clinically for the treatment of anxiety, neural and cardiovascular disorders. In modern research, the components of Cortex magnoliae officinalis have shown many properties, such as anti-inflammatory and antimutagenic activities [10] [11] [12] [13] [14] .
Cortex magnoliae officinalis produced in Zhejiang Province is a famous-regional drug, customarily called 'Wen-Hou-Po', and is documented in the Chinese Pharmacopoeia as a main source of Cortex magnoliae officinalis. Every year, a large amount of Wen-Hou-Po is used clinically and exported to Southeast Asia and many other countries and regions, because Zhejiang is one of the main origins of Cortex magnoliae officinalis. Therefore, it is necessary to develop a good method for its quality control.
To our knowledge, UPLC-DAD-TOF-MS fingerprinting has not been used to evaluate the quality of Wen-Hou-Po. We also found that in previous investigations it was very difficult to identify the species used in unknown Wen-Hou-Po based on appearance, because the two (Magnolia.officinalis and M..biloba) are very similar. On the other hand, as shown in the literature [15] [16] [17] [18] [19] [20] , statistical analysis based on the data of samples, such as similarity analysis, hierarchical cluster analysis and discriminant analysis, can provide reliable methods to evaluate and classify the samples, and to identify key categorizing parameters. In order to obtain a holistic quality evaluation and an effective species discrimination method for Wen-Hou-Po, an UPLC-DAD-TOF-MS fingerprinting method has been developed. From the fingerprint data of Wen-Hou-Po, samples collected from two species in five areas in Zhejiang Province, similarity analysis was performed to establish a similarity standard of fingerprint for quality evaluation of Wen-Hou-Po; hierarchical cluster analysis was also used to show the relationship between the samples; discriminant analysis was shown to be able to differentiate between the species present in Wen-Hou-Po samples. In addition, components separated by UPLC were identified by comparing their UV and MS data with those of authentic standards and literature.
Optimization of chromatographic conditions
Mobile phase: The effect of the composition of the mobile phase on the chromatographic separation of the samples was investigated. The literature [21] reports many kinds of lignans in Cortex magnoliae officinalis, some of which are isomers, so we added formic acid to the mobile phase to improve the resolution of the chromatographic peaks. The compositions we investigated were: methanol-water, acetonitrile-water, formic acid/methanol (0.1:100,v/v) -formic acid/water (0.1:100,v/v), formic acid/methanol (0.2:100,v/v)formic acid/water (0.1:100,v/v), formic acid/acetonitrile (0.2:100,v/v)-formic acid/water (0.1:100,v/v). The best resolution and shortest analysis time were achieved when the formic acid/methanol (0.2:100, v/v) -formic acid/water (0.1:100, v/v) system was used.
Monitoring wave length:
A photodiode array detector (DAD) was used in the analysis, and full scan runs were made initially to select the optimum wavelength that provided the best results in the chromatographic fingerprinting analysis. The chromatogram at 240 nm showed the most abundant components information and the steadiest baseline, and hence this was chosen as the monitoring wavelength.
Column temperature: Comparing the chromatograms at three different temperatures (25 o C, 30 o C and 35 o C), we found no obvious separation difference, but after overall consideration of the analysis time and separation effect, the column temperature was set at 30 o C.
Optimization of extracting conditions:
Extraction solvent: The pulverized samples were extracted ultrasonically for one hour with 100% ethanol, 70% ethanol (v/v), methanol, and n-butanol respectively. Compared with the other solvents, more peaks were obtained in the methanol extracts. According to the principal that more chemical components should be retained to evaluate traditional Chinese medicine, methanol was finally chosen as the extraction solvent.
Extraction method:
With methanol as the extracting solvent, the pulverized samples were extracted by: refluxing for three hours; Soxhlet extraction for three hours; ultrasonic extraction for one hour; and ultrasonic extraction, twice, each for one hour. Compared with the other methods, more peaks were detected in the extract obtained by ultrasonic extraction for one hour, and less time was consumed. Thus, this method was finally chosen as the extraction method.
Methodology validation:
All tests below were carried out on the sample extract solutions prepared as described in the Section 'Preparation of standard solution and sample solution'. The injection precision was determined by replicating UPLC injections of the same sample solution six times per day. Precision of sample stability was determined with measurements from a single sample solution stored at room temperature for 0, 4, 8, 12, 18, and 24 hours. The repeatability was assessed by analyzing six separate extract solutions of one sample. The relative retention time (RRT) and relative peak area (RPA) of each characteristic peak were calculated for the estimation of precision, stability and repeatability, and the results were: injection precision -the relative standard deviation (RSD) of RRT and RPA were found not to exceed 0.70% and 2.6%, respectively; sample stability -below 0.93% and 2.9%, respectively, and repeatability -less than 0.98% and 2.8% for six independent sample solutions, respectively. Thus, all results indicated that the quality of the studied samples and the UPLC-DAD measurements were stable and under control.
Calculation of the RPA and similarity indexes:
Twelve sample solutions of Wen-Hou-Po from two species from five areas in Zhejiang Province were prepared and analyzed, and chromatograms of the samples were recorded at 240 nm. The chromatographic peaks in different samples with the same relative retention time were defined as the characteristic peaks. Thirty-two peaks were indentified as characteristic, of which peak 23 (retention time 15.93 min) was identified as magnolol; this was designated as the reference peak for the calculation of RPA because it was intense and situated in the middle of the chromatogram. The data of the chromatographic fingerprints were imported into the Similarity Evaluation System for Chromatographic Fingerprint of TCM (Version 2004 A) software. In this study, a similarity analysis based on matching against the median of the fusion vectors of all the samples was performed. A reference chromatogram was generated by the median method. The similarity indexes of the twelve samples are listed in Table 1 .
Similarity analysis:
Compared with the reference chromatogram generated by the median method, the similarity indexes of the twelve Wen-Hou-Po samples collected from two species in five areas of Zhejiang Province were all above 0.95. This showed that each of the twelve Wen-Hou-Po samples had a high similarity when compared with the reference chromatogram.
showing that the quality of the twelve Wen-Hou-Po samples was similar. This result was consistent with the fact that traditional Chinese doctors have not differentiated between bark from Magnolia.officinalis and M. biloba as Cortex magnoliae officinalis in clinical use in a long time. However, through careful observations, some differences were noticed between the samples from the different species. The similarity indexes for M..officinalis were all either above or equal to 0.98, while the sample similarities for M. biloba were all less than 0.98, but above 0.95. On the contrary, the similarity of samples from different areas had no clear regularity. The thirty-two characteristic peaks in chromatograms were the main components of Wen-Hou-Po. For quality control purposes, samples which have lower similarity indexes, or which are below a certain value should be regarded as unsuitable. Therefore, for the quality control of Wen-Hou-Po, 0.95 was set as an appropriate value. Samples of Wen-Hou-Po with similarity indexes above 0.95 have reliable quality and vice versa.
Hierarchical cluster analysis:
As shown by the information listed in 'Reagents and materials', the twelve Wen-Hou-Po samples studied here were collected from five areas and two species. It was, therefore, of interest to see if the sample set could be further divided into subgroups based on hierarchical cluster analysis (HCA). The RPA of thirty-two characteristic peaks of twelve samples were input into the SPSS software and formed a 12×32 matrix. Distance between the twelve samples was calculated using the SPSS software, with between-groups linkage as the cluster method, Squared Euclidean Distance as the measure interval, and Range 0 to 1 as the standardized method. The results of HCA are shown in Fig. 1 .
It was clear that the twelve samples could be divided into two clusters at a rescaled distance of 10: The samples S1-S5, S11 and S12 could be grouped as Cluster one; and samples S6-S10 could be grouped into Relative areas for the thirty-two characteristic peaks of the twelve samples were chosen as the training set to build a discriminant function. The classified variable hypothesis was: 1 = M..biloba, and 2 = M..officinalis.
Stepwise discriminant analysis was performed using SPSS 13.0 software. According to the contribution of the independent variable (RPA in this article), variables were either added or eliminated gradually until there was no significant variable to either add or eliminate from the equation. After two steps of screening, the data of two characteristic peaks (V 21 , V 2 ,) were finally chosen as the basis on which to build the discrimination function. After inverse transformation to each standardized variable, the classic discriminant function was characterized as follows: D = 325.321V 2 + 66.569V 21 -37.978 In the equation, each variable corresponded respectively to the relative peak area of the characteristic peak. The category of a Wen-Hou-Po sample of unknown species could be calculated by filling the relative peak areas of the two characteristic peaks into the above equation. The standard was: If D>0, the species of the sample would be M..biloba; but if D<0, it would be M..officinalis) (Fig. 2) . Cross validation was also checked for those cases in the analysis, and all the cross-validated cases were correctly classified. These results indicated that the discriminant function established in this study provided a rapid and precise method for discriminating the species of unknown Wen-Hou-Po samples.
ESI-TOF-MS analysis:
Mass spectrometry coupled with LC has been widely used for qualitative and quantitative analysis of components in extracts [22] . In this study, ESI-TOF-MS was employed to analyze the components in Wen-Hou-Po separated by UPLC. Nine components, including alkaloids and lignans were identified in the samples. They were magnoflorine [23, 24] , randaiol [21] , magnolignan C [21] , magnaldehyde D [21] , randainal [21] , honokiol [21] , obovatol [25] , magnolol [21] and piperitylmagnolol [21] . The chemical structures of the identified components are shown in Fig. 3 . For the identification of compounds, accurately measured mass values can be used to produce candidate empirical formulae, which, at a mass accuracy of less than 5 ppm, significantly reduces the number of possible structures for the putative compounds [26] . The identity of each component was confirmed by matching the empirical molecular formula with that of published components, and was further elucidated by lower energy CID mass spectra, especially for those components for which isomers have been reported. In addition, some data, such as retention times and UV spectra of either available reference compounds or from the literature, were used as complementary data for identity confirmation. The details of the identified components are summarized in Table 2 .
Evaluation and discrimination of Wen-Hou-Po Natural Product Communications Vol. 5 (10) 2010 1635 The RPA data of the chromatographic characteristic peak, when introduced into the discriminant function, allowed the discrimination of Wen-Hou-Po samples derived from M..officinalis and M..biloba as a result of the component in this peak being markedly different between the samples from the two species. Therefore, identification of the components in these peaks could provide a reference to further studies on the differences between the two species. In this study, two characteristic peaks, 2 and 21, were introduced into the discriminant function. The components in peak 2 and peak 21 were identified as magnoflorine and honokiol, respectively.
Conclusions:
An UPLC-DAD-TOF-MS method was developed for the fingerprinting of Wen-Hou-Po collected from two species from five areas in Zhejiang Province. Twelve samples were analyzed by this method, and the chromatographic data were processed Table 3 ). The samples were processed, pulverized and dried according to the method stipulated in the Chinese Pharmacopoeia [9] , and then sifted through a 50-mesh sieve for later use. All the voucher specimens were deposited in our laboratory HPLC grade methanol was purchased from Tedia Co.
(OH, USA), and HPLC grade formic acid from Merck (Merck Co., Darmstadt, Germany). All the other chemicals and solvents used in sample preparation were of analytical grade. Deionized water was purified by a Milli-Q system from Millipore (Bedford, MA, USA).
UPLC chromatographic conditions:
The separation was performed on a Waters ACQUITY BEH C 18 (50 mm × 2.1 mm, 1.7 μm) column. The mobile phase consisted of (A) formic acid/methanol (0.2:100, v/v) and (B) formic acid/water (0.1:100, v/v). Linear gradient elution was optimized as follows: 10-20% A (0-5 min), 20-60% A (5-10 min), 60-65% A (10-15 min), 65-100% A (15-30 min) and 100-100% A (30-35 min). The flow rate was 0.3 mL/min and the column and auto-sampler were maintained at 30 o C and 4 o C, respectively. The monitoring wave length was set at 240 nm, and the scan range for DAD was 190-400 nm.
Mass spectrometric conditions:
All MS data were acquired in both positive and negative electrospray ionization mode. The desolvation gas was set to 400L/h at 250 o C, while the cone gas was set to 50 L/h and the source temperature was set to 120 o C. Capillary voltage and sample cone voltage were 2800V and 30V in ESI+ mode respectively, and 2500 V and 35 V in ESI-mode. The scan time was set to 0.4s, with a 0.1s inter-scan delay. Argon was employed as the collision gas at a pressure of 3.07×10 -5 Torr. The collision energy was set to 20-50 eV. All MS data were acquired using LockSpray TM to ensure mass accuracy and reproducibility. The [M-H]ion of leucine-enkephalin at m/z 554.2615 was used as the lock mass in ESI-mode, with the [M+H] + ion at m/z 556.2771 used in ESI+ mode. The concentration of leucine-enkephalin was 50
